The inhibitory effects of radiation and chemicals on the cellular division proceses in yeast and Escherichia coli in the logarithmic phases of growth have been studied in this laboratory. 
The inhibitory effects of radiation and chemicals on the cellular division proceses in yeast and Escherichia coli in the logarithmic phases of growth have been studied in this laboratory. An investigation of phosphorus metabolism was undertaken as part of a program to correlate metabolic changes accompanying the inhibition of cellular division. In order to devise satisfactory experimental conditions for determining the effects of division-inhibitors on the phosphorus compounds in rapidly-dividing yeast cells, it became necessary to know the phosphorus spectrum of normal growing cultures. However, the paucity of data on the phosphorus metabolism of rapidly-dividing yeast cells at various stages of growth made it imperative that this study be made since it is not unlikely that the phosphorus content(s) of a particular fraction(s) might vary during the logarithmic growth cycle. This implies that, although the cells tain a steady rate of growth and multiplication during the log phase, the concentrations of intermediary metabolites of other components of the cell need not be in steady state. This paper describes a method for the fractionation and pbosphorus analysis of normal yeast in various stages of growth and division. METIOD General. Saccharomyces cereuiae was used in all experiments. The cultures were grown as described previously (Spoerl et al., 1954) . Aliquots of the culture were removed for mass and cell-count determinations and phosphorus fractionation. Cell counts were made with a hemacytometer, and culture mas was determined by measurement of dry weights (24 hr at 105 C).
Phosphorus determination. Phosphorus was determined colorimetrically as orthophosphate by the method of Fiske and Subbarow (1925) except that perchloric acid was substituted for sulfuric acid because barium perchlorate is more soluble than barium sulfate and does not interfere in the polyphosphate analysis.
In trichloracetic acid extracts, orthophosphate was estimated colorimetrically by the above method after it was found that there was no essential difference in the results when extracts were analyzed either under the milder conditions of the Lowry and Lopez (1946) method or by quantitative precipitation of the orthophosphate.
Quantitative precipitation of orthophosphate from the trichloracetic acid extract can be effected, when desired, as the magnesium ammonium phosphate (Kolthoff and Sandell, 1945) or by the method of Delory (1938) . These precipitates dissolve readily in dilute acid, and they can be estimated colorimetrically.
Total labile phosphorus must be heated in 1 N acid for 10-15 min at 100 C to effect quantitative hydrolysis. The orthophosphate from such hydrolyzed extracts was determined colorimetrically.
Total phosphorus was estimated colorimetrically after conversion of the sample to orthophosphate by digestion with perchloric acid for 1 hour at 130-160 C (LePage, 1949) .
Polyphosphate can be precipitated from solution by barium ion at pH 2.5 and at pH 4.5. The precipitates dissolve readily in 1 N HCl and are converted to orthophosphate by treating as for labile phosphorus or total phosphorus. The precipitates are 100 per cent labile phosphorus, and they are not contaminated with orthophosphate or stable organic phosphorus compounds.
Pentosenucleic acid was estimated from the pentose content of extracts by the orcinol method of Ogur and Rosen (1950) , the phosphorus content, and the ultraviolet absorption at 260 m,u. As a reference standard, purified commercial preparations of yeast nucleic acid (Schwarz Laboratories, N. Y.; Nutritional Biochemicals, 607 Cleveland) were used which assayed 2 moles of ribose for four moles of phosphorus with an extinction per mole of phosphorus of 9,600.
Desoxypentosenucleic acid was estimated from the total phosphorus and the ultraviolet absorption at 260 m,u. Neither the Stumpf (1947) (Wiame, 1949; Juni et al., 1948; Schmidt and Tnhauser, 1945) The trichloracetic acid residue was extracted twice with 95 per cent ethyl alcohol at 27 C and three times with 3:1 alcohol-ether mixture at 80 C for 3 min to obtain the lipid-phosphorus fraction. The extracted residue was dried to a fine powder. This residue contains the insoluble polyphosphate and the nucleic acids. The use of 1 N NaOH at 37 C for extended periods of time to solubilize the pentosenucleic acids (Schmidt and Thannhauser, 1945; Juni et al., 1948) was incongruous with the known lability of polyphosphate. At pH 8 and 27 C, 90 per cent of the pentosenucleic acid is immeiately solubilized; consequently, such harsh treatment as 1 N alkali for 24 hours at 37 C is unnecessary. The dried residue was suspended in 1 N NaOH at 27 C, immediately centrifuged, and washed twice with 1 N NaOH. This quantitatively solubilizes the pentosenucleic acid and the polyphosphate. Since no orthophosphate could be detected, these conditions were satisfactory for solubilizing pentosenucleic acid without hydrolysis of the polyphosphate. The alkaline extract was adjusted to pH 4.5; the slight precipitate which forms contains no phosphorus and is centrifuged. The supernatant liquid contains degraded pentosenucleic acid and the insoluble polyphosphate. The polyphosphate is precipitated with barium ion and is free of 260 m,u absorbing material and carbon contamination. The desoxyribosenucleic acid which remained in the alkaline residue was estimated after hydrolyses for 5 min in 1 N HCl at 100 C.
The method is illustrated by means of a typical experiment ( figure 1 ). Orthophosphate: Three milliliters of acid extract (500 ug P) are treated with 1 ml magnesia mixture (Kolthoff and Sandell, 1945) at 4 C, tben concentrated NH4OH is slowly added drop-wise until the solution is alkaline to phenolphthalein, after which a large excess of NH4OH (2-3 ml) is added. The sample is stored overnight at 4 C, then centrifuged, and the precipitate is washed twice with cold dilute NH4OH (1:10). The precipitate is dissolved with 10 ml 1 N HCl and analyzed. These precipitates show some contamination of labile phosphorus. However, if polyphosphate is first removed by precipitation with barium ion (Jones, 1942) The Delory method (1938) and the magnesia method failed to give a test for orthophosphate in these extracts.
RESULTS
The growth characteristics of S. ceraisia, under the conditions of the experiments reported here, are shown in figure 3. These cultures maintain logarithmic rates of growth (increase in mas) and multiplication to a culture count of about 6.8 X 107 cells/ml, at which point the generation time increases rapidly as the cells go out of the log phase, until the cultures reach a stationary phase at about 11.2-12.2 X 107 cells/ml. The data reported below cover the range of cell concentrations 4.5 X 10 to 13.5 X 107 cells/ml. Throughout this range of concentrations, which covers part of the logarithmic growth phase and the phase of negative acceleration up to the stationary phase, the individual cell mass remains constant at a value of 37 IAsg. This makes it possible to report the data as mg P/100 mg dry weight rather than on a per cell basis. The lower limit of cell concentration of 4.5 X 106 cells/ml was chosen because it becomes exceedingly cumbersome below this concentration to obtain a sufficient number of cells for accurate analyses. (Ebel, 1952; Kornberg and Kornberg, 1954) , tetrapolyphosphate (Ebel, 1952) (Ebel, 1952 should contain the total polyphosphates (including the polyphosphates of pH 2.5 fraction), attempts were made to estimate the amount of the smaller chains by subtracting the value of the pH 2.5 fraction from the pH 4.5 fraction. However, the precipitation of pH 4.5 fraction was too erratic to permit such an analysis. The stable organic fraction is a measure of the organic phosphorus compounds which contain phosphorus bound to carbon that is not hydrolyzed in 10 min at 100 C in 1 N acid, as for exple adenosine monophosphate, etc. The results obtained for the desoxyribosenucleic acid fraction were not included in table 1 because of the exceedingly small amount found and because the difficulties encountered in making accurate measurements did not provide data amenable to statistical analysis. However, the desoxyribosenucleic acid content could be approximated at 0.050 mg P/100 mg as a steady-state concentration. Lipidphosphorus, in the amount 0.137 mg P/100 mg was found in a steady-state concentration.
The phosphorus concentration of a fration in the steady-state means that the amount of that fraction per cell is constant. The concentration of these intracellular phosphorus compounds, both inorganic and organic, appears to be independent of the physiological state of -aerobic cultures, and does not reflect changes in metabolic activity-such as decreased rate of growth and multiplication. The role which these substances (acid soluble polyphosphates, labile-, stable-, desoxyribosenucleic acid-, and lipid-phosphorus) play in taining growth rate is not apparent, and no reason is evident for maitaining thee particular steady-state concentrations from generation to generation. However, there is an abundance of information in the literature which has established the importance of the phosphorylated organic metabolites and desoxyribosenucleic acid in the metabolism of yeast cels. A relationship would be expected in which the rate of synthesis parallels the rate of growth. Why the acid soluble inorganio polyphosphates and the lipid-phosphorus fractions fall into this pattern is not evident. Figure 2 shows that the orthophosphate and the pentosenucleic acid fractions per cell continuously decrease in amount as the culture ages. The rate of decrease is constant, and, as for the steady-state fractions, neither the rate of decrease nor the decreased amount per cell seems to be affected by or related to the change in metabolic activity. However, the fact that there is a decreased amount (per cell) of the orthophosphate and the pentosenucleic acid as the culture ages must mean that these substances are actively involved in growth and division processes but that the amount available to the cell, either from prior synthesis of pentosenucleic acid or from the medium (orthophosphate), is over and above that required to sustain logarithmic rates of growth and division. The fact that in growing cultures the amount of pentosenucleic acid per cell is not constant is perhaps the reason that conflicting data are found in the literature as to the actual amount of pentosenucleic acid per cell since this value would vary depending upon the physiological time at which the measurement was made.
A most striling change occurs in the insoluble inorganic polyphosphate fraction during culture aging. In figure 3 , it can be seen that below 1 X 107 cells/ml there is no insoluble inorganic polyphosphate present in the cell, within the limits of the precipitation method used. However, between 1 X 107 and 7 X 107 cells/ml there is a rapid build-up of this polyphosphate fraction to about 0.4 mg P/100 mg, and from this point to between [5] [6] [7] [8] (Juni et al., 1947; Wiame, 1949 ) that there are a soluble and an insoluble polyphosphate fraction in yeast. Phosphorus turnover studies (Juni et al., 1947) and metabolic studies (Wliame, 1949) (Briggs, 1940; Gustavson and Larsson, 1951; Katchman and Van Wazer, 1954) when in the cationic form. In a recent report (Katchman and Van Wazer, 1954) , it was postulated that the artificial, though functional, designation of the soluble and insoluble polyphosphate fractions in yeast which arises from trichloracetic acid extraction could be due to the different mode of protein complexing dependent upon polyphosphate chain length. These experiments suggest that in addition to the trimeta-, tripoly-, and tetrapolyphosphates and the polyphosphate known to be present in the acid soluble fraction of yeast, the insoluble polyphosphate might be a polyphosphate compound with an average chain length substantially greater than 20. Physicochemical investigations on the insoluble polyphosphate fraction are being carried out in order to establish the identity of this material. It seems reasonable to assume that the differing metabolic activities of these polyphosphate fractions may be due to the differences in complexing properties which arise from differences in chain length. It has been suggested by Lindegren (1949) that the polyphosphates in yeast might control growth by their ability to complex or deactivate proteins or enzymes necessary in intermediary metabolism. In addition, it must be considered that the polyphosphates form complexes with monovalent as well as polyvalent cations, many of which are known to be required to maintain metabolic activity (Lehninger, 1950) and therefore might also function as growth and division regulators by controlling the availability of esential cations as well as enzymes.
It has been emphasized that erroneous conclusions might be drawn from simple compansons between control and experimental cultures unless due consideration is given to the physiological state of the cultures.
The possible role of the insoluble polyphosphates of yeast cultures is discussed.
